Lettuce (Lactuca sativa) is an important leaf vegetable crop worldwide. The total phenolic content was higher in the red skirt methanol extracts with a level of 64.9 ± 0.3 mg GA/g, and phenolic content of green skirt was 49.4 ± 0.3 mg GA/g. The total flavonoid content in the methanol extract of red skirt showed the highest concentration (291.6 ± 9.0 mg rutin/g), followed by green skirt (223 ± 9.8 mg rutin/g). The red skirt showed a higher content of anthocyanin (23.7 ± 0.8 mg/100 g) compared to the green skirt (7.4 ± 0.9 mg/100 g). Seven carotenoids i.e., lutein, β-carotene, 9Z-β-carotene, 13Z-β-carotene, violaxanthin, zeaxanthin, and α-carotene were detected in both cultivars. The polar metabolites are strongly associated with the metabolites that participate in the TCA cycle. Correlations between primary and secondary metabolites were easily achieved by gas chromatography-time-of-flight mass spectrometry (GC-TOFMS)-based metabolite profiling method. Red skirt methanol extract showed 77.5 ± 0.4% 2,2-diphenyl-1-picrylhydrazyl (DPPH) activity, 50.8 ± 0.8% hydrogen peroxide radical scavenging assay and absorbance value (0.052) reducing power assay at 250 L/mL, having significantly higher activity than the green skirt extract. The red lettuce extract also showed higher levels of phenolic compounds, flavonoids, and anthocyanins, and it possesses more antioxidant properties compared to the green skirt extract. In this study we compared two cultivars of lettuce, red skirt and green skirt, for various nutritional parameters and to understand the association of secondary metabolites with their corresponding primary metabolites. From the overall analysis, it is confirmed that GC-TOFMS-based metabolite profiling is an appropriate method for determining biochemical reactions and also acts as a combined resource to understand primary and secondary metabolism.
Lettuce, also known as Lactuca sativa, is a leaf vegetable belonging to the Asteraceae family found worldwide. It is a major food crop and is mostly used in vegetable salads that are consumed because of their high nutritional value and can be especially found in Mediterranean regions. The harvesting time of these plants depends on the variety and season. Lettuce is an excellent source of vitamin K and vitamin A. There are different types of lettuce according to morphological properties, like Crisphead lettuce and Butterhead lettuce. However, varieties of lettuce also differ in nutritional value according to Mou and Ryder [1] . In some varieties, the edible portion of leaves that are not exposed to light contained lower nutritional value [2] . These vegetables are highly recommended by consumers because they are healthy and easy to prepare. In recent years, the commercialization of fruit and vegetables has increased due to their medicinal properties. Lettuce contains phytochemicals such as anthocyanins and chlorophylls that contribute to both sensory and health-promoting properties [3] , with the red varieties of L. sativa having a higher anthocyanin content [4] . Moreover, this vegetable includes beneficial amounts of nutritive minerals such as calcium and iron [5] . Previous studies have shown that antioxidant activity of lettuce can inhibit chronic diseases related to oxidative stress such as cancer [6] . Lettuce seeds have an almond shape and a light brownish to yellowish color. These annual plant seeds were traditionally used for relieving gastrodynia, inflammation, and osteodynia in Iran [7, 8] . Unstable molecules known as free radicals can cause damage to human cells but natural foods containing substances or nutrients that act as antioxidants protect cells against free radicals. Antioxidants detain the oxidation process and protect against the polymerization chain reactions and oxidizing reactions commenced by free radicals [9] . The levels of carotenoid and chlorophyll pigments in lettuce are sensitive to plant growth conditions, and may have cultivar-specific variations [10, 11] . There have also been several studies on the effect of different postharvest treatments on the carotenoid and chlorophyll content of vegetables [12, 13] . Antioxidant-based drugs/formulations for the inhibition and treatment of various diseases like atherosclerosis, diabetes, stroke, Alzheimer's disease, and cancer have been developed during the last 3 decades. Among them, natural antioxidants are of significant interest and the use of natural phytochemicals has increased worldwide [14] [15] [16] . Previous studies have reported L. sativa methanolic extract to have antioxidant, antibacterial, and antiviral properties [17] . The analgesic and anti-inflammatory activity of L. sativa seed extract has been previously investigated in rats [18] . Recent studies have reported that lettuce consumption prevents cardiovascular diseases in humans [19] .
Total phenolic and flavonoid content:
The total phenolic contents in the examined lettuce plant extracts using the Folin-Ciocalteu's reagent is expressed in terms of gallic acid equivalent (the standard curve equation: y = 0.021x -0.005, r 2 = 0.999). The values obtained for the concentration of total phenols in lettuce extracts are expressed as mg of GA/g of extract (Table 1 ). The total phenolic contents in the red skirt methanol extracts were 64.9 ± 0.3 mg GA/g and 49.4±0.3 mg GA/g in green skirt extracts. The red skirt lettuce contained higher phenol concentrations. The total flavonoid content of the lettuce methanol extracts were measured using an aluminum chloride method expressed in terms of rutin equivalent (the standard curve equation: y = 0.001x -0.001, r 2 = 0.999). The total flavonoid content was higher in the methanol extracts of the red skirt lettuce (291.6 ± 9 mg rutin/g) than of the green skirt lettuce (223 ± 9.8 mg rutin/g). The total flavonoid concentrations of methanol extracts from these two lettuce cultivars are shown in Table 1 . Each value is the average of three analyses ± standard deviation. a mg gallic acid equivalent (GAE)/g DW. b mg rutin equivalent/g DW. c mg cyaniding-3-glucoside equivalent/g DW Determination of anthocyanin and carotenoid levels: The total anthocyanin content of lettuce methanol extract was determined by using the pH differentiation method. The red skirt lettuce showed higher anthocyanin content (23.7 ± 0.8 mg rutin/100 g) than green skirt. Total anthocyanin content, expressed as mg cyanidin-3-glucoside equivalent/g DW of lettuce, is shown in Table 1 . Carotenoids, a group of at least 600 fat soluble pigments found in many plants, have attracted researchers because of their commercially desirable properties such as their natural origin, low toxicity, and high versatility. They also provide fat-and watersoluble colorants and provitamin A. In this study we found seven carotenoids in the red skirt and green skirt lettuce. Lutein, β-carotene, 9Z-β-carotene, 13Z-β-carotene, violaxanthin, zeaxanthin, and α-carotene were detected in these two cultivars. All these carotenoids showed higher levels in red skirt lettuce compared to green skirt lettuce. Lutein showed the highest concentration in red lettuce, followed by β-carotene, 9Z-β-carotene, 13Z-β-carotene, violaxanthin, zeaxanthin, and α-carotene. The carotenoid concentrations determined from the lettuce extracts are shown in Table 2 . Each value is the average of three analyses ± standard deviation.
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Gas chromatography-time-of-flight mass spectrometry (GC-TOFMS) analysis: Metabolomics tools have been used for the visualization of the interface between primary and secondary metabolism. Therefore, we have performed low-molecular-weight metabolite profiling using GC-TOFMS to investigate the metabolic difference between red and green lettuce. For the identification of metabolites, an in-house library consisting of 205 compounds was established. We were able to detect 44 of those metabolites in the red and green lettuce. Most of the detected metabolites were annotated using a library created by reference standards. The retention times, the fragment patterns, and the quantification ions of the detected compounds are shown in Table S1 . Principal component analysis (PCA) serves to align, visualise and differentiate the components in data sets. Thus, in this study, PCA was performed to assess overall experimental variation and to test the presence of differences between red and green lettuce samples. Principal components (PCs) describe the general properties of data (X) in consecutive order. Variation in the data was explained by the goodness of fit model (R2X). The predictive ability of each model was described by the goodness of prediction (Q2). From the PC1 of the PCA score plot, the samples were separated based on differences in species (PCA model: components = 2, n = 6, number of metabolites = 44, Q2 = 0.708). In addition, the corresponding PCA loading plot enabled the detection of several markers responsible for separating the groups. The loading plot indicated that the greatest contributors to the separation belonged to the sucrose pathway or the TCA cycle. The dominant feature in the loading plot for PC1 are strong positive signals that correspond to sugars and negative signals that correspond to organic acids involved in the TCA cycle. The results of scores and loading plots indicated that the organic acids involved in the TCA cycle were higher and the sugars were lower in red lettuce than in green lettuce. These results are shown in Figure 1 . To screen the metabolites contributing to the separation between the groups, orthogonal projection to latent structure-discriminant analysis (OPLS-DA) was applied. The component model had R2X = 0.876, and Q2 = 0.996 ( Figure 2 ). Variable significance was determined by interpreting the correlation scaled loading values (p(corr)) from the OPLS-DA model. In addition, the statistical significance of these changes was calculated using Student's t test. Box plots showing the variable differences between the groups are available as supplementary Figure S1 . Sugars such as fructose, mannose, glucose, sucrose, and raffinose were more concentrated in green lettuce than in red lettuce.
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The degree of correlation of the levels of metabolites between similar sample types can be used to aid the understanding of complex metabolic networks. In plants, the building blocks of secondary metabolites are primary metabolites. Therefore, we have performed metabolite-to-metabolite correlation analysis to examine detailed relationships between the levels of the low-molecularweight metabolites in lettuce. Pair-wise comparisons of the 44 metabolites to each other were calculated using Pearson correlation coefficients. The resulting matrix is called the metabolite-tometabolite correlation matrix. Hierarchical clustering analysis (HCA) using the correlation coefficients provided two major metabolite clusters (groups) (Figure 3 ). One group contained glycolysis and TCA cycle intermediates. The other group contained sugars such as glucose, sucrose, fructose, mannose, and raffinose, which revealed clusters of metabolites that participate in closely related pathways.
Likewise, leucine concentrations were positively correlated with isoleucine (r = 0.9981, P< 0.0001) and valine (r = 0.9881, P= 0.0002). The high correlation of isoleucine, leucine, and valine observed by Noctor et al. [20] was largely supported. The shikimate pathway results in aromatic amino acid metabolism and initiation of the phenylpropanoid pathway. Likewise, the shikimic acid concentrations were positively correlated with phenylalanine (r = 0.9933, P< 0.0001) in lettuce samples. 318 Natural Product Communications Vol. 13 (3) 2018 Park et al. Antioxidant activity 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Assay: DPPH radical scavenging activity assay is one of the most efficient methods for screening the antioxidant activity of plant extracts. The results of DPPH free radical scavenging activity of methanol extract from red skirt and green skirt lettuce cultivars are shown in Figure 4 . The results are shown significantly active against standard ascorbic acid. Methanol extracts of red skirt and green skirt cultivars exhibited radical scavenging activity in a concentration-dependent manner. Red skirt methanol extract exhibited 77.5 ± 0.4% DPPH activity at 250 L/mL extract and standard ascorbic acid was measured at 88.9 ± 0.8% in 250 L/mL. Green skirt extract showed 77.2 ± 0.1% DPPH activity. The methanol extract of red and green skirt lettuce shows significant antioxidant activity by the DPPH assay.
Hydrogen Peroxide Radical Scavenging Activity: Hydrogen peroxide can cross cell membranes promptly, and once inside the cell, H 2 O 2 can react with Fe 2+ and possibly Cu 2+ ions to form hydroxyl radicals, and this may be the origin of many of its toxic effects. The hydrogen peroxide radical scavenging activity of lettuce extracts was concentration-dependent in this assay. Increased extract concentration increased scavenging activity, and these results are shown in Figure 5 . The hydrogen peroxide radical scavenging assay showed highest activity in the red skirt crude extract (50.8 ± 0.8% at 250 L/mL), followed by activity of standard ascorbic acid (76.8 ± 0.6% at 250 L/mL), and finally green skirt extract(39.2 ± 2.9% in 250 L/mL). This assay showed that methanol extract of the red skirt lettuce had more hydrogen peroxide scavenging activity than the green skirt lettuce extract. Reducing power activity: The reducing power activity of the methanol extracts of the two lettuce cultivars was compared to ascorbic acid. Presence of reducers causes the conversion of Fe 3+ /ferricyanide complex used in this method to its ferrous form. The reducing capacity of an extract may serve as a relevant indicator of its prospective antioxidant activity. The reducing power activities of methanol extract from the red and green skirt lettuce are shown in Figure 6 . Among these two, the red skirt lettuce extract had a higher reducing power activity compared to extract from green skirt lettuce.
Previous study has reported meaningful differences in relationships between metabolites in 9 Chinese cabbage genotypes using PCA and HCA multivariate analysis [21] . In these results, metabolites involved in closely related pathways revealed a high correlation, demonstrating that this is a powerful tool for tracking metabolic links. The results of the correlation and PCA analyses showed that the TCA cycle intermediates were found at relatively higher levels in the red lettuce than in the green lettuce. Flavonol biosynthesis and cellular catabolism associated with intermediates of the TCA cycle were reported in a previous study [22] . 2-Oxoglutarate (2-OG), a key organic acid of the TCA cycle [23, 24] , is also an obligatory substrate for 2-OG-dependent dioxygenases (2-ODDs). In flavonoid biosynthesis, there are four types of 2-ODDs; flavonol synthase (FLS), flavanone 3-hydroxylase (F3H), anthocyanin synthase, and flavone synthase I (FS-I), have been characterized as key enzymes in late steps of flavonoid aglycone formation resulting in species-specific flavonoid profiles [25, 26] . The building blocks for secondary metabolites are derived from primary metabolism. Anthocyanins are derived from anthocyanidins by adding sugar molecules. Thus, the levels of endogenous sugars may be lower in the red lettuce than in green lettuce by adding sugars to form anthocyanins. Our results have suggested that these metabolites were present in lower amounts in the red lettuce than in the green lettuce.
Phenolic compounds have scavenging properties, which allow them to act as antioxidants [27] . As their free radical scavenging potential is aided by their hydroxyl groups, the total phenolic and flavonoid concentration could be used as a basis for fast screening of antioxidant activity. The antioxidant activity of plant secondary metabolites such as phenolic compounds and flavonoids depends on the presence of free OH groups, especially 3-OH. Plant phenolic compounds and flavonoids have antioxidant activity in vitro and also act as antioxidants in-vivo [28, 29] . High phenolic compound content and flavonoid content are crucial for the bioactivity of these crude methanol extracts. Flavonoids are highly effective scavengers of most oxidizing molecules, including singlet oxygen species, and other free radicals incriminated in many diseases [30] . Flavonoids suppress reactive oxygen formation, chelate trace elements involved in free-radical production, scavenge reactive species and unregulated and protect antioxidant defenses [31] . Many previous studies demonstrated antioxidant activity of plant phenolic compounds and flavonoids [32] . In this study we reported the antioxidant activity of phenolic compounds and flavonoids from lettuce methanolic extract depends on the concentration of these compounds. The concentration of phenolic compounds, flavonoids, carotenoids, and anthocyanins from the red skirt were higher than in the green skirt, and red skirt extract also showed increased antioxidant activity. These results showed the red skirt lettuce is a more valuable source of antioxidants than green skirt lettuce.
In conclusion, we report a connection between the primary and secondary metabolites produced from the lettuce plants. Also we determined that antioxidant activity depends on the concentration of phenolic compounds, flavonoids, and anthocyanins. In this study, the high antioxidant activity showed in extracts from the red lettuce because of the higher content of phenolic compounds, flavonoids, and anthocyanins present. Our results suggest that L. sativa is a potential source of antioxidant agents and could be used as a natural antioxidant.
Experimental
Plant materials: Green (L. sativa cv. green skirt) and red lettuce (L. sativa cv. red skirt) cultivars were cultivated in a greenhouse at the experimental farm of Chungnam National University, Daejeon, Korea in 2015. Leaves of the two cultivars were harvested at maturity. Next, all samples were freeze dried at -80°C for at least 48 h and then ground to a fine powder using a mortar and pestle. Dried lettuce powder (5 g) was extracted with 50 mL methanol at 37C for one day. The extract was filtered through Whatman filter paper No. 1, and the filtrate was concentrated under reduced pressure at 40C. The extract was dried and stored at 4C in storage vials for experimental use. Hydrogen peroxide, TCA, ferric chloride, ascorbic acid, and DPPH were purchased from SigmaAldrich, U.S.A.
Total phenolic content:
The total phenolic content of the methanol extract from the green and red skirt cultivars was determined by the Folin-Ciocalteu method as described by Kaur et al. [33] . Briefly, the reaction mixture contains 100 µL of crude extract (1 mg/mL) which is mixed with 3 mL of distilled water, then mixed thoroughly with 0.5 mL of Folin-Ciocalteu reagent. This mixture was allowed to stand for 3 min, and then 2 mL of 20% (w/v) sodium carbonate was added. The mixture was incubated for 1 h in the dark, and absorbance was measured at 760 nm using spectrophotometer. Known concentrations of gallic acid were used to create a standard curve (20-100 µg/mL). The total phenolic content was calculated from the calibration curve, and the results were expressed as mg of gallic acid equivalent per g dry weight.
Total flavonoid content:
The total flavonoid content of the crude methanol extract from the green and red skirt lettuce cultivars was calculated by the aluminum chloride colorimetric method described by Chang et al. [34] . Briefly, 100 µL of crude methanol extract (1 320 Natural Product Communications Vol. 13 (3) 2018 Park et al. mg/mL) was mixed with 4 mL of distilled water, and then 0.3 mL of 5% NaNO 2 was added and mixed thoroughly. After 5 min of incubation, 0.3 mL of 10% AlCl 3 solution was added, and the mixture was allowed to stand for 6 min. Then, 2 mL of 1 mol/L NaOH solution was added, and the final volume of the mixture was brought to 10 mL with double-distilled water. The mixture was allowed to incubate for 15 min at room temperature, and absorbance was measured at 510 nm. The total flavonoid content was calculated from a calibration curve obtained from known concentrations of rutin, and the result was expressed as mg rutin equivalent per g dry weight.
Total anthocyanin content (TAC): The pH differential method was used to determine the total anthocyanin content (TAC) of methanol extract from the red and green skirt lettuce [35] . Anthocyanin pigments undergo reversible structural transformations with changes in pH manifested by strikingly different absorbance spectra. The colored oxonium form and the colorless hemiketal form are predominantly observed at pH 1.0 and pH 4.5, respectively. The pH differential method is based on this reaction, and permits accurate and rapid measurement of the total anthocyanins, even in the presence of polymerized degraded pigments and other interfering compounds. Briefly, 1 mL methanol extract is transferred into two 10 mL volumetric flasks for preparing two dilutions of the sample: in one tube, extract is diluted with potassium chloride buffer, pH 1.0, and in the other, extract is diluted with sodium acetate buffer, pH 4.5. These dilutions are allowed to equilibrate for 15 min. Then the absorbance of each dilution is measured at 510 and 700 nm (to correct for haze), against a blank cell filled with distilled water. All measurements should be made between 15 min and 1 hr after sample preparation, since longer standing times tend to increase observed readings. The samples to be measured should be clear and contain no haze or sediments; however, some colloidal materials may be suspended in the sample, causing scattering of light and a cloudy appearance (haze). Absorbance of the diluted sample (A) was calculated as follows: A = (A510-A700) pH 1.0 -(A510-A700) pH 4.5. Calculate the total anthocyanin pigment concentration in the original sample using the following formula:
The results were converted to mg of total anthocyanin content/100 g sample. MW is the molecular weight, DF is the dilution factor, and ε is the molar absorptivity, pigment content was calculated as cyanidin-3-glucoside, where MW = 449.2 and ε= 26,900.
Carotenoid extraction and analysis: Carotenoids were extracted and measured using HPLC, as described previously [36] . Briefly, the carotenoids were extracted from the lettuce samples (0.02 g) by adding 3 mL ethanol containing 0.1% ascorbic acid (w/v), vortexing for 20 s, and placing the extraction mixture in an 85°C water bath for 5 min. The carotenoid extract was saponified with potassium hydroxide (120 µL, 80% w/v) in an 85 °C water bath for 10 min. After saponification, the samples were immediately placed on ice, and cold deionized water (1.5 mL) was added. β-Apo-8'-carotenal (0.2 mL, 25 µg/mL) was added as an internal standard. To separate the layers, carotenoids were extracted twice with hexane (1.5 mL) by centrifugation at 1,200 × g. Aliquots of the extracts were dried under a stream of nitrogen and redissolved in 50:50 (v/v) dichloromethane/methanol before HPLC analysis. The carotenoids were then separated in a C30 YMC column (250 × 4.6 mm, 3 µm; YMC Co., Kyoto, Japan) using an Agilent 1100 HPLC instrument (Massy, France) equipped with a photodiode array detector. Chromatograms were generated at a wavelength of 450 nm. Solvent A consisted of methanol/water (92:8 v/v) with 10 mM ammonium acetate; solvent B consisted of 100% methyl tert-butyl ether. Gradient elution was performed at 1 mL/min under the following conditions: 0 min, 90% A/10 % B; 20 min, 83% A/17% B; 29 min, 75% A/25% B; 35 min, 30% A/70% B; 40 min, 30% A/70% B; 42 min, 25% A/75% B; 45 min, 90% A/10% B; and 55 min, 90% A/10% B. Carotenoid standards were purchased from Carotenature (Lupsingen, Switzerland). Calibration curves were drawn for quantification by plotting the concentrations of four carotenoid standards according to their peak area ratios, with β-apo-8'-carotenal used to generate a known reference peak.
GC-TOFMS analysis of polar metabolites: Polar metabolites were extracted as reported previously [37] . Metabolite extraction was achieved by dissolving powdered sample (10 mg) in a mixture of methanol, deionized water, and chloroform in the ratio 2:5:1 (v/v/v). Dropwise addition of ribitol (60 µL, 0.2 mg/mL) was employed as an internal standard. Two-stage chemical derivatization (oximation and trimethylsilyl etherification) was used to perform GC-TOFMS analysis. After the derivatization process, the extracted metabolites were subjected to the GC-TOFMS procedure described previously [37] . After completion of the synthesis process, ChromaTOF software was used to support peak findings prior to quantitative analysis and for automated deconvolution of reference mass spectra. After that, compound identification process was performed using The NIST and in-house libraries for standard chemicals. With the use of quantitative calculations, the concentrations of all analytes were determined based on the peak area ratios for each relative to the peak area of the internal standard.
DPPH Assay:
The DPPH scavenging assay of crude methanol extract (1 mg dried powder dissolved in 1 mL methanol) from the green and red skirt lettuce cultivars was evaluated according to the method described by Abdullah Al-Dhabi et al. [38] . First we prepared 0.15% DPPH in ice cold methanol. The reaction mixture contains 3.8 mL of methanol, various concentrations of crude methanol extracts (50-250 L) were added, 200 L of DPPH solution was added, and this mixture was incubated at room temperature for 30 min in the dark. After incubation, the absorbance was measured at 517 nm by using spectrophotometer. Vitamin C was used as a standard. The DPPH radical scavenging activity was calculated by the following formula: DPPH radical scavenging activity (%) = [( 0 − 1/ 0) * 100], where 0 is the absorbance of the control at 30 min and 1 is the absorbance of the sample at 30 min. All samples were analyzed in triplicate.
Hydrogen peroxide scavenging activity: Hydrogen peroxide scavenging activity of methanol extracts from the green and red skirt lettuce cultivars was determined according to the Abdullah Al-Dhabi et al. [38] method. 40mm H 2 O 2 was prepared in phosphate buffer pH 7.4. Varying concentrations of extracts (50-250 L) are added to 1 mL of distilled water, then 0.6 mL of H 2 O 2 was added and the mixture was incubated for 10 min at room temperature. After incubation, the absorbance was measured at 560 nm by using spectrophotometer. Ascorbic acid was used as a standard. The hydrogen peroxide scavenging activity of the green and red skirt lettuce extracts was calculated by the following formula:
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Reducing power activity: The reducing power of the methanol extract from the green and red skirt lettuce cultivars (1 mg dried powder dissolved in 1 mL methanol) was assessed by modifying methods described by Abdullah Al-Dhabi et al. [38] . Briefly, 2.5 mL of 0.2M phosphate buffer pH 6.6 was added to 15 mL falcon tubes and mixed with different concentrations of extracts (50-250 L). Then 2.5 mL of 1% K 3 Fe(CN) 6 was added. The mixture was incubated at 50 º C for 20 min, then 2.5 mL of 10% TCA was added and the mixture was centrifuged at 3000 rpm for 10 min. 2.5 mL of supernatant was collected and mixed with 2.5 mL of distilled water and 0.5 mL of 1% FeCl 3 . Then absorbance was measured at 700 nm. Increased absorbance of reaction mixtures indicates increased reducing power activity. Vitamin C was used as a standard and a solution without extract was used as a blank. The experiment was performed in triplicate and averages were calculated for both lettuce species.
Statistical analysis:
The relative quantification data was obtained from GC-TOFMS. In order to evaluate the relationships in terms of similarity or dissimilarity between groups of multivariate data the sample was subjected to PCA and OPLS-DA (SIMCA-P version 13.0; Umetrics, Umeå, Sweden). The PCA output consisted of score plots for visualizing the contrast between different samples and loading plots to explain the cluster separation. The data file was scaled with unit variance scaling before all the variables were subjected to PCA and OPLS-DA. Pearson correlation analysis was performed using the SAS 9.2 software package (SAS Institute, Cary, NC, USA). The correlation analysis was employed among the relative levels of 44 metabolites with a standardization procedure. HCA and heat map visualization of the correlation coefficients were recorded using the software M ULTI E XPERIMENT V IEWER version 4.4.0 (http://www.tm4.org/mev/).
Supplementary data:
Supplementary table contains chromatographic and spectrometric data of the detected metabolites in lettuce sample using GC-TOFMS. Supplementary Figure S1 contains data of box plots showing the variable differences between red and green lettuce.
